Both malignant and non-malignant diseases have been found to occur at a higher rate than expected in subjects exposed to asbestos.'-' These diseases include lung cancer, gastrointestinal cancer, mesothelioma, and fibrosis of the lung. Both malignant neoplasms and non-malignant lung disease have been associated with an impaired immunological response in the host."'0 The host immunological response to asbestos exposure has been studied in both animal and man."' An immune response in the form of immune stimulation or suppression should be considered an abnormal reaction and if it occurs in association with exposure to substances such as asbestos the question should be asked whether the response is predisposing to the clinical manifestation of disease. Thus we have measured immune response as a possible index of the toxic effect of asbestos exposure in the hope that such response may serve as a clue to the early detection of subjects at risk for developing asbestos related disease. It seems likely from studies using the animal model and human populations exposed to asbestos that exposure may modify immune responses before the appearance of any pathological lesion. 11 -15 Our report is based on the study of several immunological markers tested in a well defined group of Accepted 17 July 1987 shipyard workers exposed to asbestos and having chest x ray abnormalities consistent with exposure to asbestos including pleural plaques. The following hypotheses are tested:
(1) Subjects with chest x ray abnormalities consistent with asbestos exposure have altered levels of circulating immunoglobulins and their peripheral blood lymphocytes have an altered ability to respond in vitro to plant mitogens (pokeweed and phytohaemagglutinin) when compared with controls.
(2) Of subjects exposed to asbestos, those with an identified tissue response, predominately pleural plaque, have altered levels of circulating immunoglobulins and their peripheral blood lymphocytes have an altered ability to respond in vitro to plant mitogens (pokeweed and phytohaemagglutinin) when compared with controls.
Methods

SUBJECTS UNDER STUDY
Three groups were studied.
The experimental group consisted of 150 subjects of a West Coast shipyard randomly selected from those who were diagnosed as having chest x ray abnormalities consistent with asbestos exposure. These abnormalities were pleural plaques, present in all
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Immune response in shipyard workers with x ray abnormalities consistent with asbestos exposure members of the experimental group; a few members of this group also had pleural thickening and parenchymal fibrosis.
A control group consisted of 150 shipyard workers who had no chest x ray abnormalities but who worked in the same shipyard as the experimental group and matched the experimental group for age within five years. The control subjects had no job assignment at the shipyard necessitating direct handling of asbestos; however, some had incidental exposure to asbestos. It should be emphasised that the subjects in the control group were selected for the absence of chest x ray abnormalities rather than having been selected for the absence of asbestos exposure. T suppressor/cytotoxic cells Both indirect and direct immunofluorescence were routinely performed. Indirect immunofluorescence uses a monoclonal antibody as the primary antibody and a FITC conjugated goat antimouse immunoglobulin antibody as the secondary antibody. Background immunofluorescence was determined using murine gamma-2a myeloma protein as primary antibody. Direct immunofluorescence used FITC conjugated monoclonal antibody. Whole blood collected in EDTA vacutainer tubes was treated with monoclonal antibodies and fluorescinated cells were analysed using an automated flow cytometer (Spectrum III Ortho Diagnostics). Lymphocyte populations were distinguished from monocytes and granulocytes by correlated analysis of forward and right angle scatter. The percentage of cells positive for immunofluorescence was used in conjunction with the absolute lymphocyte count to determine the absolute number of cells bearing a given marker and the Th/Ts ratio.'7 The above assays were performed on a subsample of our experimental and control groups.
Lymphocyte mitogen activation Lymphocyte blastogenic response assays were performed on all subjects. Lymphocytes were cultured in RPMI 1640 with 20% fetal calf serum (Reheis), penicillin, and streptomycin. One hundred thousand cells per well were distributed in microtitre plates and phytohaemagglutinin (PHA) and pokeweed mitogen (PWM) were added in different doses (PHA in three doses 0 5, 1-0, and 2-0 mg% and PWM in two doses 0 25 and 0-5 mg%). Cultures were incubated at 37°C for 72 hours in a humidified 5% CO2 atmosphere. Labelled 3H thymidine was added and the cells were harvested and counted using a liquid scintillation counter. 8 Quantitative immunoglobulins IgG, IgA, and IgM levels were determined using a rate nephelometric assay system developed by Beckman.
DATA ANALYSIS
Analyses of the data consisted mainly of characterising the distributions of the various blood assays. We evaluated the mean, median, mode, standard devia- Anton-Culver, Culver, Kurosaki There was, however, a significant difference between the experimental and control groups in the duration of exposure to asbestos, 25 1 and 21-4 years respectively and in the duration of employment, with a shorter duration of employment in the experimental group than the control group, 14-3 and 17-0 years respectively. The asbestos exposure index was significantly higher in the experimental group than in the control group, 24-5 and 9 5 respectively. A summary of the results of smoking history shows that the frequency of current and former smokers in both the experimental and control groups was similar. The mean pack years smoked in the experimental group was also similar to that in the control group, 20-9 versus 19-4. Table 2 gives a summary of the immunological and other blood test results in the experimental and control groups from the shipyard and the tests of comparison The results for mitogen activation show a significantly higher mean pokeweed mitogen stimulation at both concentrations of mitogen in the experimental group compared with the control group (p < 0 001 and < 0 003). Although the experimental group had a higher mean stimulation, the differences in mean PHA mitogen stimulation were not significant at the three doses of PHA.
There were no significant differences between the experimental and control groups in the mean number of Th and Ts cells or the Th/Ts cell ratio. As shown in table 3, however, shipyard experimental and control subjects had 1-3 times more Th cells than the Red Cross controls. This excess was significant at p < 0.001. Similar results were obtained for Ts cells (p < 0001) when shipyard workers had about 1-7 times as many suppressor cells as the Red Cross controls. On the other hand, Th/Ts ratio was significantly lower in shipyard workers compared with Red Cross controls (p < 0 005). There were no significant differences in the levels of Th cells, Ts cells, or Th/Ts between the experimental and control shipyard workers. The subsamples ofexperimental and control subjects on which immunofluorescent measurement of lymphocyte subsets were performed had similar levels of asbestos exposure as measured by the asbestos index when compared with the experimental and control samples. Although statistically significant differences were found when comparisons were made in several of the laboratory tests, their biological importance remain to be determined. It is also recognised that many comparisons were made and that differences can occur as random events and not the result of real effects. Study hypotheses were selected before inspection of the data, and thus results are not selectively reported.
In conclusion, our observations of the humoral immune response as measured by changes in IgG and IgA, the cellular immune response as measured by mitogen stimulation and the disproportionate increase in Ts cells and decrease in Th/Ts cell ratios may, one day, serve as clues to the early diagnosis of susceptibility for asbestos caused malignancy. The test to these clues will depend on a prospective study. We thank the Office of Naval Research for their support and funding under contract No NOOO 14-80-C-0571; Lorraine Wrazen, Corinne Aragaki, and Lee Burke for their help in coding, computerisation, and data analysis; Dr Nicholas Sargent, LAC/USC Medical Center, Los Angeles, for reading the chest x ray films; Cynthia Laudon and Paula Sweet for their help and cooperation with the study team; and Frieda van Schijndel for secretarial help in preparing the manuscript.
